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Abstract  
The success of the remanufacturing process, currently rated as one of the most 
promising product recovery options, is influenced by a number of inherent challenges, 
somewhat different to those found in conventional manufacturing. The combination of 
remanufacturing with lean manufacturing principles appears to offer a plausible 
methodology for increasing process efficiencies but there are only limited reports of 
investigations into how lean is best implemented within this type of industry. This paper 
addresses the gap in the literature by presenting  multiple case studies to examine  how 
lean methodologies  have  been applied in practice to the organizational and technical 
challenges inherent to remanufacturing firms.  
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Introduction 
Remanufacturing is defined as one of the most promising product recovery options 
where end-of-life products can be brought back to an as-good-as-new condition in terms 
of quality, performance and warranty (Ijomah, 2002). In general, the remanufacturing 
process is more complex and faces different challenges to those experienced in 
conventional manufacturing. These unique  (or complicating) characteristics have been 
identified in the extant literature (e.g. Guide, 2000; Lage Junior and Godinho Filho, 
2012), with  the net effect being to make production planning and control (PPC) more 
difficult in a remanufacturing environment (see Table 1).  Moreover, the degree of 
automation is usually lower, which affects the requirements for a higher amount of 
manual work when compared to conventional manufacturing (Steinhilper, 1998). These 
issues have a detrimental effect on both the lead-time and the associated costs of the 
remanufacturing process. Such problems must be considered in order to improve the 
remanufacturing process and to make remanufacturing companies more competitive. 
Lean manufacturing can be defined as both a manufacturing philosophy and a set of 
tools and techniques that can increase the productivity of a company and improve 
product quality whilst simultaneously reducing lead-times and production costs. 
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However despite the apparent synergies there are few reports of practical applications 
thus, , there is a need for more empirical research in order to investigate the practical 
use of lean practices in remanufacturing environments (Seitz, 2007). Therefore, the 
main aim of this paper is to empirically examine the connection between the application 
of lean manufacturing practices and the challenges which occur within remanufacturing 
shop floor activities. A comparative analysis is carried out in order to evaluate whether 
or not lean practices may be used to overcome the challenges inherent to the 
remanufacturing process. The investigation focuses within the automotive industry, 
which often demonstrates a greater understanding of lean principles, thus strengthening 
the validity and trustworthiness of the research results. 
The paper is organized as follows: Firstly, we present an overview of the generic 
remanufacturing process. Then we identify the major challenges that complicate PPC in 
remanufacturing operations. Thirdly, following a short overview of the lean paradigm, 
we discuss the developments in lean remanufacturing. Then, after presenting our 
research design, we investigate the practical application of lean tools and techniques 
within the remanufacturing operations of two case companies based in the United 
Kingdom. Finally, we compare our findings from the case studies and suggest ways in 
which lean tools and techniques can be applied to relieve the effects of the 
aforementioned remanufacturing challenges. 
 
Theoretical background 
 
The remanufacturing process 
Figure 1 illustrates a generic remanufacturing process. Because the remanufacturing 
process is product-type dependent, the various operations may be arranged in a slightly 
different order, or some of them may even be completely omitted (Sundin, 2004).  
 
 
Figure 1 - The generic remanufacturing process (Sundin, 2004) 
 
Usually, the remanufacturing process starts from the initial cleaning of used products 
(cores). Generally the cores that return from market are dirty, which often impedes 
assessing their condition (Ijomah et al., 1999). Upon receipt, cores are disassembled so 
that each component is separated.  The components are then individually cleaned which 
helps to investigate their condition. Depending on the quality of the components, the 
value of the components (cost of remanufacture compared to cost of a new component), 
and safety restrictions; the parts are remanufactured or rejected from the process. 
Remanufacture of the components includes all activities that would bring worn parts to 
at least the original OEM specification (for example surface grinding, welding etc.). 
When all required components are collected (including remanufactured parts and new 
components), assembly kits can be organized and the product reassembled. After this, 
the entire product passes a final test to ensure that quality is at least equal to a newly 
manufactured, equivalent product (Ijomah, 2002). In some cases, products can be 
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upgraded to the latest version (Ijomah et al., 2007). 
 
Remanufacturing challenges 
Table 1 identifies  Guide (2000) the major challenges that influence and complicate 
PPC activities within remanufacturing industry: 
 
Table 1- Inherent challenges to the remanufacturing process (adapted from Guide, 2000) 
Challenge Description 
The uncertain timing and 
quantity of returns 
Complicates PPC as the product returns process is highly uncertain, both with respect 
to timing, when cores are available for remanufacture; and quantity, how many cores 
are available.   
The need to balance 
returns with demands 
 
Remanufacturing firms seek to balance return and demand rates to avoid excessive 
amounts of inventory from building up (where returns exceed demand), or low levels of 
customer service (where demand exceeds returns).  
The disassembly of 
returned products 
 
Many of the products have not been designed with disassembly in mind, which makes 
planning and control of this process even more difficult. Often, components can be 
damaged or destroyed during disassembly. This can have an influence not only on the 
processing time but also on the amount of new components to be purchased. Moreover, 
as there is no evidence of existing automated techniques that can be used during 
disassembly, this also makes this task very labour-intensive with highly variable 
processing times. The disassembly and subsequent release of parts for remanufacturing 
requires a high degree of coordination with reassembly in order to avoid high inventory 
levels or poor customer service. 
The uncertainty in 
materials recovered from 
returned items 
 
Two identical end items returned may yield a very different set of remanufactured 
parts. For example, as the components recovered from two identical products can have 
different requirements to bring them back to the same condition (if this is possible at 
all), there is uncertainty as to what can be remanufactured and what will have to be 
replaced with new components.  
The requirement for a 
reverse logistics network 
 
This challenge addresses the requirements regarding the collection and movement of 
goods from end users to remanufacturers. A large portion of reverse logistics is 
concerned with core acquisition management ± which involves core acquisition and 
ensuring an adequate supply of cores for remanufacturing. 
The complication of 
material matching 
restrictions 
Some products remain in the possession of the end-user throughout the 
remanufacturing process, which requires that the exact same unit be returned. Moreover 
some parts require specific, serial-numbered components for reassembly. 
The problems of 
stochastic routings for 
materials and highly 
variable processing times 
Stochastic routings and highly uncertain processing times are a primary concern at the 
operational level. Such stochastic routings are a direct reflection of the uncertain 
condition of units returned. For example, a part will have a maximum set of processes 
that should be performed to restore the product to specification. However, this routing 
represents a worst-case scenario, and the majority of parts will only require a sub-set of 
these processing steps. 
 
Lundmark et al. (2009) emphasize that it will be important for future research to 
examine how to meet existing remanufacturing challenges. Both Seitz (2007) and 
Kucner (2008) suggest that the application of the lean manufacturing principles might 
overcome such challenges. However, in the extant literature there is not enough existing 
evidence to suggest that lean tools and principles can indeed help to reduce or eliminate 
the previously identified remanufacturing challenges. 
 
Lean Manufacturing 
Lean manufacturing is a philosophy that focuses on improving material flow and 
eliminating waste by using recognized tools and techniques such as 5S, Kanban, 
standard operating procedures (SOPs), cross-functional workforce and continuous 
improvement (kaizen). Because such tools are already described in detail in a wealth of 
literature, we do not go into great details of describing each of the approaches here (for 
this reason the reader is directed to such works as Bicheno and Holweg (2009) or Feld 
(2001), for example). Lean manufacturing is firmly rooted in the Toyota Production 
System and as such was developed in a conventional manufacturing environment, often 
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with the production of standardized products in high volumes. However, Womack and 
Jones (1996) suggest that the implementation of lean thinking can bring benefits in the 
other sectors as well, thus the application of a lean manufacturing approach within 
remanufacturing operations may indeed be an effective way in which to improve the 
profitability of remanufacturing companies (Kucner, 2008; Seitz, 2007). 
 
Lean Remanufacturing 
The application of the lean manufacturing approach within a remanufacturing context ±  
termed ³/HDQ5HPDQXIDFWXULQJ´± has only recently gained the attention of researchers 
and practitioners (Pawlik et al., 2012). Hence, there is limited  literature on this subject. 
However although slim the reported work does suggested that the combination of 
remanufacturing and lean principles offers a good opportunity to increase process 
efficiencies within the remanufacturing industry (Kucner, 2008; Seitz, 2007). 
Amezquita and Bras (1996) present the first reported study of lean remanufacturing in a 
case study that focuses on an independent automotive remanufacturer, and specifically 
analyses the process of remanufacturing clutches. This research shows that the 
effectiveness of the remanufacturing process can be improved through the development 
of lean automation techniques as well as the application of setup reduction methods. 
Moreover, Fargher (2003) and Pawlik et al. (2012) claim that the application of lean 
manufacturing within remanufacturing operations can bring significant benefits 
including a reduction in lead-time, reduced work in process, improved on-time 
shipments, increased utilization of floor space, improved quality, increased production 
control (Pawlik et al., 2012).  However as with all case study based investigations the 
observations can only be generalize when a verity of different industries have been 
investigate. 
 
Research design and methodology 
Seitz (2007) states that there is a need for more empirical research in automotive 
remanufacturing, whilst Lage Junior and Godinho Filho (2012) identify that that there is 
a clear need for more practical research (e.g. case studies) into the challenges and the 
shopfloor control activities in remanufacturing. Therefore, we adopt a case study 
methodology which will provide insight into industrial activities and performance in 
remanufacturing operations. We apply multiple case study research (Yin, 2009) in 
which we investigate two case companies operating within the automotive 
remanufacturing industry in the United Kingdom. Several specific criteria were applied 
in selecting case companies. Firstly, the remanufacturer should be from the automotive 
industry. The company should also be using a selection of lean manufacturing tools and 
techniques. From a sample of four potential case companies, we limited our 
investigation to the two that we felt demonstrated the most understanding and had 
carried out the most effective application of lean practices. The research focuses 
primarily on the shopfloor activities within the case companies, and the work is carried 
out in accordance with a case-based approach (Voss et al., 2002). The cases are 
conducted using data collected through semi-structured interviews of several informants 
in the companies, including the managing director and production manager(s). 
Production planners were also involved in the discussions. To ensure that the data could 
be collected, presented and analysed in a repeatable and reliable manner, we developed 
and applied a case study protocol, which was used as an interview guide. Direct 
observations and the analysis of secondary sources, such as company documentation 
and corporate website are used for triangulation, to check the internal consistency of 
data (Scandura and Williams, 2000). In this process a theory building approach is 
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adopted to identify how the lean manufacturing can be more tightly integrated within 
the remanufacturing environment. The central idea is to constantly compare theory and 
data, iterating toward a theory which closely fits the data (Eisenhardt, 1989). 
 
Case Studies 
 
Case study one: Combat Vehicles (UK) BAE Systems 
BAE Systems Combat Vehicles is an OEM Remanufacturer based in Newcastle-upon-
Tyne, in the UK. At its Tyne & Wear facility, BAE Systems remanufacture Hydrogas 
suspension units, final drives, track tensioners and bridging equipment for combat 
vehicles, such as the Challenger II tank. With such vehicles serving in very testing 
climates and conditions, these parts are of course classified high-wear items. The 
remanufacturing process starts from the disassembly and inspection of old products, 
which occurs at the same time. Then components are cleaned and again inspected to 
ensure that nothing was overlooked at the first inspection. Afterwards, components are 
put on a pallet and a Manufacturing Engineer creates a rebuild kit which is sent to 
storage, where it remains until such a kit is required for remanufacturing. At this point, 
components are reassembled and the remanufactured product is tested (see Figure 2). 
BAE Systems started to implement lean manufacturing principles within the Tyne & 
Wear facility in 2007. 
 
Disassembly & 
Inspection
Cleaning & 
Inspection Reassembly TestStorage
Remanufactured 
components
Purchased 
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Storage
 
Figure 2- Simplified overview of the remanufacturing process: BAE Systems 
 
The lean tools and techniques that have been applied at BAE Systems are listed in 
Table 2. They have also been categorised by functional area in Table 3, with a list of the 
more generally applied practices in the lower part of the table. 
Table 2- Application of Lean Tools at BAE Systems 
5S BAE Systems have applied 5S in certain areas. There are clear examples of Sorting, Setting in 
order and Systematic cleaning in the plant. However, Standardizing and Self-discipline have 
proved difficult to maintain, though the company does use daily, weekly and monthly checklists. 
Kitting BAE Systems gather components and parts needed for the reassembly of a Hydrogas units as a 
kit. Moreover, the company attempts to standardize rebuild kits, classifying them as a light, 
medium and heavy in term of amount of work that is required to remanufacture them. This 
classification method has proved to be useful with supporting the planning process, particular in 
terms of Production Levelling.  
Standard 
Operating 
Procedures 
(SOPs) 
BAE Systems use Standard Operating Procedures (SOPs) for all disassembly processes. The 
company also reassemble and test using SOPs such that everything is controlled from that 
perspective. The SOPs have proven to be a very important tool for the remanufacturing process. 
Though the introduction of such a tool has been successful, it has been difficult to cover all 
remanufacturing aspects due to variations inherent to this type of production. 
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Cross-
functional 
workforce 
Employees at BAE Systems are fully skilled to do any job on the shop floor. This means that 
they can be easily transferred to another workplace when required to do so. Standard Operating 
Procedures allow for this. 
Visual 
Management 
One of the most successfully implemented toolsets at BAE Systems has been visual management. 
This tool assists with communication and area configuration 
Kaizen The identification and elimination of waste has been a major part of the improvement approach at 
BAE Systems. All work areas are driven by continuous improvement principles. Teams of 
employees suggest improvements and ensure that they are implemented in due course.  
Documents to record and follow up with HPSOR\HH¶VFRQFHUQVLPSURYHPHQWVZHUHGHVLJQHGDQG
successfully implemented. 
Value Stream 
Mapping 
Value Stream Mapping (VSM) has been a major focus at BAE Systems, and was one of the most 
valuable tools to the company. By using VSM, BAE Systems were able to visualise the flows 
(both material and information) of the remanufacturing process, which helped the company to 
identify and eliminate waste. 
Cellular 
Manufacturing 
Remanufacturing of the four major product types (Hydrogas; Final drives; Track Tensioners; 
Bridging equipment) takes place in focussed areas of the factory. This ensures that the correct 
tools and necessary process equipment is located at the point of use, which simplifies the 
remanufacturing process. 5S and Visual Management help to structure the cellular manufacturing 
efforts at BAE Systems. 
Rewards and 
Recognition 
Programme 
Gift vouchers are provided to operators for good work/exceptional effort, particularly in terms of 
FRQWLQXRXVLPSURYHPHQW%$(6\VWHPVDOVRKDYHDQLQWHUQDOFKDLUPDQ¶V awards process. A 
Feedback Procedure is also established within this program, and the continuous improvement 
workshop is the obvious platform for such a process. 
Supplier 
Relationship 
Management 
(SRM) 
As BAE Systems have only one primary supplier of cores, it is able to work closely with that 
supplier in order to better determine the timing and quantity of returns. 
 
Table 3- Lean Tools at BAE Systems Classified by Functional Area 
Storage Disassembly & Inspection Cleaning & Inspection Storage Reassembly Test 
 
5S, SOP, Supplier 
Relationship Management 5S Kitting 
5S, SOP, 
Cellular 
Manufacturing 
5S, SOP 
-----------------------------------------------------Visual Management----------------------------------------------------- 
---------------------------------------------------Value Stream Mapping--------------------------------------------------- 
-------------------------------------------------- Cross-functional workforce -------------------------------------------------- 
----------------------------------------------- Rewards & Recognition Programme ----------------------------------------------- 
------------------------------------------------ Kaizen (Continuous improvement)  ----------------------------------------------- 
 
Case Study Two: MCT ReMan Limited 
MCT ReMan is one of the largest contracted remanufacturers in the automotive sector 
across Europe. The company is based in Weston-super-Mare, in the UK. Transmissions 
(mostly manual, but also some automatic) and engines (both petrol and diesel) are the 
main products that are remanufactured at the facility in Somerset. MCT ReMan 
disassembles cores and cleans the component parts; replacing the worn components 
with remanufactured or new components, and finally reassembles the products to their 
original fit and function (Figure 3):   
 
Storage Disassembly Final Test Reassembly Component InspectionCleaning PackingRemanufacture
Purchased 
components
 
Figure 3- Simplified overview of the remanufacturing process: MCT ReMan 
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Table 4- Application of Lean Tools at MCT ReMan 
5S MCT ReMan have applied 5S. In regards to standardizing the way tasks are handled, the bench 
layout, workplace, and tooling that they use are all standardized. This means that operators can 
move from one area to another and recognize everything that is there. 
Cellular 
manufacturing 
MCT have set up product-oriented cells. This means that employees building gearbox number 1 
will work on a bench with all the tools that they need for that product, and then if they will be 
building gearbox number 2 they will move to another bench where everything is also already set 
up. 
Cross-
functional 
workforce 
MCT ReMan XVHµRQH¶WUDLQLQJZKLFKLVHYHU\SHUVRQFDQGRPLQLPXPWKUHHMREVDQGHYHU\
job can be carried out by at least 3 people. This means that employees receive training to develop 
skills so that they have the capacity to work across different areas of the factory. 
Continuous 
Improvement 
Employees are making suggestions for improvements on shop floor. These improvements are 
systematically carried out and followed up by the shopfloor teams using PDCA. 
Supplier 
Kanban 
MCT use supplier Kanban for a selection of new (replacement) components only. 
Kitting MCT use kitting for keeping complete sets of gearboxes in one box. Different box designs have 
been developed for different products. 
Work 
Instructions 
tools are placed on workstations with pictures of the components with marked places on which 
employees should put attention when they for example inspect components. 
Supplier 
Relationship 
Management 
(SRM) 
MCT ReMan is reducing the total number of suppliers and creating long-term relationships with 
the remaining preferred sources. 
Customer 
Relationship 
Management 
(CRM) 
In the case that an OEM is a customer, MCT use very comprehensive methods of working with 
LWVFXVWRPHUV)RUH[DPSOHHQJLQHHUVIURP0&7¶VFXVWRPHUVYLVLWWKHIDFLOLW\HYHU\PRQWK$V
such, MCT ReMan works with its customers, both within its own facility and on the customer 
sites. MCT also involves its customers in continuous improvement efforts within the facility. 
MCT works closely with other manufacturing plants, and by having multiple meetings, such 3rd 
parties can see problems within the MCT products that MCT cannot see for itself. 
Visual 
Management 
Key performance indicators are displayed on communication boards within shop floor area. Also, 
within the cleaning operation, visual control measures are used to display the expected results 
(standards) of this operation. 
Standard 
Operating 
Procedures 
(SOPs) 
SOPs (work instructions) are displayed at work centres to support the visual inspection process, 
for example. 
Poke-Yoke kitting boxes are designed with custom-shaped holes (or compartments) for each component for 
the different products, which prevents errors during the collection of kits with new and 
remanufactured components. 
Value Stream 
Mapping 
VSM has been used for process mapping and evaluation, as well as layout planning and 
improvement at MCT ReMan. 
Total 
Productive 
Maintenance 
(TPM) 
MCT ReMan uses TPM to involve the operators in the maintenance and operation of their 
equipment. 
 
The company has been using a continuous improvement methodology based on 
DePLQJ¶V (1950) plan-do-check-act (PDCA) cycle for some 30 years, and have more 
recently applied other techniques associated with lean manufacturing. The lean 
manufacturing tools implemented at MCT ReMan are presented in Table 4, and are 
again classified into functional areas and those more generally applied in the plant in 
Table 5: 
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Table 5- Application of Lean Tools at MCT ReMan 
Storage Disassembly Cleaning Component 
Inspection 
Component 
Remanufacture 
Reassembly Test 
 
Cellular 
manufacturing, 
Kitting 
Kitting, 
Visual 
Control 
SOP, Cellular 
manufacturing  
Poke-Yoke, 
Kitting, Cellular 
Manufacturing, 
Supplier Kanban 
Poke-Yoke, 
Cellular 
Manufacturing 
--------------------------------------------------------------- 5S --------------------------------------------------------------- 
---------------------------------------------------Value Stream Mapping--------------------------------------------------- 
-------------------------------------------------- Cross-functional workforce -------------------------------------------------- 
------------------------------------------------ Kaizen (Continuous improvement)  ----------------------------------------------- 
------------------------------------------------ Customer Relationship Management  ----------------------------------------------- 
------------------------------------------------ Supplier Relationship Management  ----------------------------------------------- 
----------------------------------------------- Total Productive Maintenance (TPM) ----------------------------------------------- 
 
Results and Discussion 
We present a summary of the lean practices that were observed in the case companies in 
Table 6, where we also list the challenges that were addressed. Such a cross-case 
analysis shows that lean manufacturing tools are regularly being applied in 
remanufacturing companies. We therefore suggest that this gives positive indications 
that by adopting a lean approach, remanufacturers are able to relieve the negative effects 
of several of the previously identified remanufacturing challenges, thus making PPC 
activities in remanufacturing environments simpler to execute. For example, the 
uncertain timing and quantity of returns can be alleviated through applying the 
following methods: 
x Supplier Relationship Management. SRM was being used by BAE Systems to 
enable the company to plan more effectively for the arrival time and quantity of 
returned cores. 
x Cross-functional workforce. This ensures that employees are able to work in more 
than one process area, thus increasing flexibility and simplifying the 
remanufacturing planning process. For example, cross-functional workers are 
imperative to the success of production levelling within the Toyota Production 
System, a prerequisite for Just-in-Time production (see Ohno, 1988; Shingo, 1981). 
x TPM. The deployment of TPM can help to ensure that remanufacturing equipment 
is available whenever cores arrive at the facility. It is a way of increasing the 
reliability of production machinery.  
Likewise, the need to balance returns with demand is made simpler by applying: 
x Supplier Relationship Management. The use of SRM increases confidence levels in 
medium-term planning.  
x Customer Relationship Management. Similarly, when applied correctly, CRM acts 
to some extent as an effective balance mechanism between returns and demand. 
Furthermore, the complication of material matching restriction can be eased through: 
x Kitting. Gathering components for the end-product as a kit will to support 
controlling activities.  
x Poke-Yoke. As part of the kitting process, boxes with specifically-designed spaces 
for each component for the product can be used to prevent errors. Boxes designed in 
such a way ensure that all required components for a specific product can be kept 
together and allows deviations to be instantly recognised. This also helps to keep all 
components with the same serial number together, and ensures reassembly with the 
correct combination of components.  
 
 
 9 
 
Table 6- Summary of Applied Lean Tools in Case Companies & Challenges Addressed 
Lean Tools and Practices BAE  MCT  Challenges addressed 
Standard Operating Procedures X X Disassembly of returned product, variable 
processing times 
5S & Visual Management X X Stochastic routings & variable processing times 
Cross-functional Workforce X X Uncertain timing and quantity of returns 
Customer Relationship Management X X The need to balance returns with demand, The 
uncertain timing and quantity of returns Suppliers Relationship Management  X 
Kitting X X The problem of variable processing times 
Poke-Yoke  X The complication of material matching restrictions 
Total Productive Maintenance  X Uncertain timing and quantity of returns 
Supplier Kanban  X The need to balance returns with demand 
Value Stream Mapping X X - 
Kaizen X X - 
Cellular Manufacturing X X - 
Rewards and Recognition Programmes X  - 
 
In addition, we have seen that the problems of stochastic routings for materials and 
highly variable processing times can be relieved through the application of: 
x Kitting. BAE Systems have developed a classification and kitting procedure which 
classifies returned cores as light, medium, or heavy kits. This allows for flexibility 
in the re-build schedule, as light kits can easily be remanufactured in the absence of 
more complicated, heavy kits; or in periods of high demand.  
x SOP. Both companies have applied SOPs to the remanufacturing processes. Though 
the standardization of processes is very difficult in a remanufacturing environment 
(due to uncertainty in the condition of component parts within the cores), the case 
studies did demonstrate advantages of using such an approach.   
x 5S. Visual management and 5S have proven to be very useful in supporting the 
planning and control of operations in remanufacturing companies. Such lean tools 
provide the fundamental requirements for success, and remove a lot of unnecessary 
waiting, operator motion (such as searching for tools) and over-processing. 
Finally, the challenge of disassembling returned product can in some cases be solved 
or at least moderated through the creation of standard operating procedures (SOPs). 
 
Conclusion and further work 
By applying practical insights from two case studies in the automotive remanufacturing 
sector, we have identified  several effective tools for  lean practices to  be implemented  
to address the challenges inherent to this type of industry. We suggest that further work 
should look more closely at developments for adapting Just-in-Time (JIT) production 
control methods to remanufacturing, in particular how JIT could be used to address the 
FKDOOHQJH³the need to balance returns with demand´ Further consideration should also 
EH JLYHQ WR ³the uncertainty in materials recovered from returned items´ DQG ³the 
requirements for a reverse logistics network´as these two challenges are seemingly not 
yet tackled by lean practices. 
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